We present the fractional distribution of spectroscopic subtypes, range and distribution of surface temperatures, and kinematical properties of the white dwarfs within 25pc of the sun. There is no convincing evidence of halo white dwarfs in the total 25 pc sample of 224 white dwarfs. There is also little to suggest the presence of genuine thick disk subcomponent members within 25 parsecs. It appears that the entire 25 pc sample likely belong to the thin disk. We also find no significant kinematic differences with respect to spectroscopic subtypes. The -2 -total DA to non-DA ratio of the 25 pc sample is 1.8, a manifestation of deepening envelope convection which transforms DA stars with sufficiently thin H surface layers into non-DAs. We compare this ratio with the results of other studies. We find that at least 11% of the white dwarfs within 25 parsecs of the sun (the DAZ and DZ stars) have photospheric metals that likely originate from accretion of circumstellar material (debris disks) around them. If this interpretation is correct, then it suggests the possibility that a similar percentage have planets, asteroid-like bodies or debris disks orbiting them. Our volume-limited sample reveals a pileup of DC white dwarfs at the well-known cutoff in DQ white dwarfs at T ef f ∼6000K. Mindful of small number statistics, we speculate on its possible evolutionary significance. We find that the incidence of magnetic white dwarfs in the 25 pc sample is at least 8%, in our volume-limited sample, dominated by cool white dwarfs. We derive approximate formation rates of DB and DQ degenerates and present a preliminary test of the evolutionary scenario that all cooling DB stars become DQ white dwarfs via helium convective dredge-up with the diffusion tail of carbon extending upward from their cores.
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Introduction
Extending the census of local white dwarfs to increasingly large volumes of space around the sun offers a plethora of crucial astrophysical insights including (a) identification of the lowest luminosity, hence oldest, white dwarfs in the immediate neighborhood of the sun; (b) the distribution of white dwarf spectroscopic subgroups and their mix of progenitor stellar populations; (c) a direct measurement of the local space density and mass density of white dwarfs and; (d) a window into the history of star formation and stellar evolution in the Galactic plane as well as constraining the age of the Galactic disk (Liebert, Dahn, Monet 1988 , Oswalt et al. 1996 by enabling the determination of the cool white dwarf luminosity function. The sample of WDs out to 20 pc was presented by and Sion et al. (2009) who utilized available temperatures, gravities, and spectral types from the literature to attempt a full characterization of the local sample of white dwarfs. With the publication of new atmospheric parameters, more accurate distances for a larger sample of local white dwarfs out to 25 pc, the statistical and kinematical properties of the volume-limited sample of local white dwarfs merit re-examination.
The local 25 pc white dwarf sample is a well characterized, volume-limited population with a high degree of completeness. It contains a sample of 224 white dwarfs including double degenerate systems. While it has an overall completeness of 65%, the 20 pc and 13 pc samples have completeness's of 85% and 100%, respectively. As such it lends itself to a number of analyses that can be used to anchor larger, less complete spectroscopic and photometric surveys which are not volume-limited. The results of the current 25 pc sample will be discussed in Holberg et al.(in preparation) which will include an evaluation of the spatial distribution, the space density and completness of the sample as well as the mass distribution and the local luminosity function and binary fraction.
In the present paper, we discuss the kinematics, the distribution of white dwarf temperature and spectroscopic subtypes in the 25 pc sample around the sun and propose tests of scenarios of cool white dwarf spectral evolution. We briefly describe the enhanced 25 pc sample in Section 2. The kinematic properties of this sample are discussed in Section 3. The DQ and DC components of the 25 pc sample and their temperature distributions are discussed in Section 4. The magnetic and cool DZ stars are discussed in Sections 5 and 6 respectively. In Section 7 we describe preliminary tests of cool white dwarf spectral evolution using the volume-limited 25 pc sample. Section 8 contains our conclusions. Table 1 presents the sample of white dwarfs within 25 pc of the sun. The basic observational data from which we examined the distribution of white dwarf spectral types and the data used for space motions, are given in Table 1 , which contains by column: (1) the WD-number, (2) the coordinates (RA and DEC are in decimal degrees), (3) T ef f , (4) DIST (distance in parsecs), (5) PM (proper motion in arcsec/yr), (6) PA (position angle in degrees), (7) the method of distance determination, denoted by p for trigonometric parallax, s for spectrophotometric distances and (8) a reference abbreviation to the bibliography. Many of the distances are obtained from trigonometric parallaxes, the remainder from spectrophotometric distances.
Census of White Dwarfs Out to 25 pc
A substantial fraction of the data in Table 1 was taken from the detailed survey of the local white dwarfs out to 20 parsecs by and Sion et al. (2009) . To this sample of 129 white dwarfs, we have added 95 white dwarfs out to a volume of radius 25 pc, giving a total sample of 224 white dwarfs including double degenerates known out to 25 pc. As in and Sion et al. (2009) , the photometric distances were computed based upon spectroscopic and photometric measurements following the methods described in Holberg, Bergeron & Gianninas (2008) . Proper Motions are taken from the McCook and Sion Catalog, or where available, were determined from NOMAD. Radial velocities were available from the literature for approximately 50% of our sample, and correspond either to direct measurements of the white dwarf or the system velocities or radial velocities of the main sequence companions (McCook & Sion 1999 and references therein; Maxted et al.2000 , Silvestri et al. 2001 , 2002 , Pauli et al. 2003 , 2006 . For radial velocities derived from individual white dwarfs, we applied corrections for the gravitational redshift based on the individual masses and radii of each star. These mass and radius determinations were interpolated from within the synthetic photometric tables described in Holberg & Bergeron (2006) and were based on temperatures and gravities given in LS08. Using the spectral types and temperatures given in Holberg et al.(2008,hereafter, LS08) and Holberg (2008) , we assembled the local population of white dwarfs lying within 25 pc of the sun, using a number of compilations including Gliese & Jahreise (1995) , LS08, Sion et al. (2009 , Bergeron et al. (2011 ), Giamichele et al. (2012 , Dufour et al. (2007) , Limoges et al. (2013) , Subasavage et al. (2007 Subasavage et al. ( , 2008 , Gianninas et al. (2011) , Kilic et al. (2010) , Koester et al.(2011), and Tremblay et al. (2011) .
We summarize the percentage breakdown of spectral subtypes among the 25 pc sample of local white dwarfs in Table 2 . As expected, the DA stars dominate the sample. If we take the total DA sample to include DAZ stars and magnetic DA stars, then there are 150 DA stars within 25 pc.
In Fig.1 we display a histogram, with the number versus T ef f distribution function of DA stars in the lower panel and non-DA stars in the upper panel. The skewing of their distribution toward lower temperatures not only reflects the predominance of cool DAs and cool non-DAs in a sample so close to the sun but the variation of this ratio, DA/non-DA, as a function of T ef f , holds key physical significance to our understanding of white dwarf spectral evolution.
The overall DA to non-DA ratio of the 25 pc sample is 1.83. This is a slightly larger ratio than found in the 20 pc sample and is likely a lower limit since a few of the cool nonDAs (especially DC stars) may actually prove to be H-dominated. Sion (1984) uncovered the first empirical evidence of this transformation of white dwarf surface compositions and attributed the lowering of the DA/non-DA ratio with decreasing T ef f to the mixing and dilution of hydrogen into the deepening helium convection zone (Sion 1984; see also Greenstein 1986) . Sion (1984) estimated that this convective mixing away of surface hydrogen in cooling DA stars occurs at T ef f ∼ 10-12,000K. Subsequent more detailed work with evolutionary models Bergeron, Ruiz & Leggett 2001) , using a larger, more homogenous sample of white dwarfs, presented a more complex picture of spectral evolution attemperatures below 15000K. They showed that as a DA white dwarf cools, the bottom of the hydrogen convection zone eventually reaches the helium convection zone but only if the hydrogen layer is thin enough, with the actual temperature at which the conversion occurs, depending on the thickness of the hydrogen layer. In other words, DA White dwarfs with thicker hydrogen layers will mix at lower T ef f . They showed that the H layer mass that would mix at a given temperature, depends upon the assumed convective efficiency, with ∼85% of all DA stars between 10,000K and 15,000K having hydrogen layer masses large enough for them to remain recognized as DA stars down to 8000K. It is clear from the results of Tremblay and Bergeron (2008) that the details of white dwarf spectral evolution remain murky below 12000K. This can only be clarified with further theoretical modeling predictions confronted by ever larger samples of cool white dwarfs with high quality spectra.
Kinematics of the Local White Dwarfs
The vector components of the space motions are U, V, and W, where U is positive in the direction of the galactic anti-center, V is positive in the direction of the galactic rotation and W is positive in the direction of the north galactic pole (Wooley et al. 1970) . The U, V, and W components and total motions were computed along with the average velocities and velocity dispersions for the different spectroscopic subtypes in the 25 pc sample in Table 1 . In Table 3 below, we present the computed vector components of the space motion for each white dwarf in Table 1 . We note that for some of the WDs in Table 1 , there are two sets of space motions from slightly different input parameters, such as proper motion and position angles. For these objects, two different sets of U,V,W,T values were computed and used to compute the averages and dispersions tabulated in Table 4 . These mean velocities and velocity dispersions reveal no clear evidence that different spectral subtypes have significantly different space motions.
If we take T > 150 km/s as the lower cutoff for halo space motions, then there are seven stars or 3% of the total sample that have possible halo population II stars in extreme galactic orbits that could happen to be interlopers in the solar neighborhood. These objects are WD0747+482.1 (DC10.4; 156 km/s),WD0747+482.2 (DC12.0; 156 km/s), WD0959+149 (DC7; 144 km/s), WD1310-472 (DC11.9; 166 km/s), WD1334+039 (DA11.0; 151 km/s), WD1339-340 (DA9.5; 215 km/s) and WD1756+827 (DA6.9; 156 km/s).
To investigate the question of population membership further, we point out that the assignment of reliable population membership for local white dwarfs must involve not only the vector components of the space motion but also the cooling ages derived from their surface temperatures and total stellar age. In contrast, the population membership of main sequence stars utilizes kinematical charateristics as well as chemical abundance data, e.g. metallicity. Despite this difference in the way population membership is assigned for the two types of stars, it is useful to compare the velocity distribution of the white dwarf sample in the U versus V velocity plane with the velocity distribution (velocity ellipsoids) characterizing a well-studied sample of main sequence stars (Chiba & Beers 2000 , Vennes & Kawka 2006 , Sion et al. 2009 ).
However, a halo or thick disk member star cannot be identified on the basis of kinematic data alone. The candidate star must also have a total stellar age that is of order 12 billion years or older. The temperature of the six stars given in Table 1 indicate cooling ages well below 12 billion years. Thus, their space motions together with their total stellar ages, lead to the conclusion that there is no clear evidence of halo white dwarfs among the white dwarfs within 25 pc of the sun.
In Fig. 2 , we display the U versus V space velocity diagram for the 25 pc sample of white dwarfs, with the assumption of zero radial velocity, relative to velocity ellipses for main sequence stars (Chiba & Beers 2000 ; see also Kawka & Vennes 2006 , Sion et al. 2009 ). DA stars are denoted by closed circles, while non-DA stars are denoted by closed triangles. In the diagram, the 2σ velocity ellipse contour (denoted by the solid line) of the thin disk component is displayed, as well as the 2σ ellipse of the thick disk component (short dashed line) and the 1σ contour of the halo component (long dashed line). The vast majority of white dwarfs lie within the thin disk as expected for the local sample. However, we see that nearly equal small numbers of DAs and non-DAs lie outside the thin disk ellipsoid but within the thick disk ellipse, while three stars, two DAs and one non-DA lie clearly within the halo velocity ellipse. Finally, one non-DA and two DA stars have anomalous velocities placing them at very large positive V velocity components.
Given the concentric, nested nature of the thin and thick disk velocity ellipses in the U-V plane, it is difficult to clearly disentangle the two populations. Age is a strong discriminate and careful consideration of this together with the use of individual galactic orbits (see Pauli et al. 2006 and others) may help to better separate these populations.
DQ Stars within 25pc
In Fig.3 , we display the distribution of T ef f for the 23 DQ white dwarfs (upper panel) and 28 DC white dwarfs (lower panel) within 25 pc. Although any comparison with the non-DA subgroups suffers from small number statistics, the number of DQ stars appears to peak at lower temperatures as expected since the C 2 molecular absorption bands strengthen with decreasing T ef f . Although the number of stars in both distributions is small, it is noteworthy that the DC stars extend to even lower temperatures than the DQ stars. The previously known precipitous cutoff in the number of DQ stars at surface temperatures cooler than ∼ 6500 is seen in Fig.3 . This real cutoff was first noted by Bergeron, Ruiz and Leggett (1997) and Bergeron, Leggett and Ruiz (2001) and subsequently found in the much larger SDSS sample of DQ stars by Dufour et al. (2005) and by Koester & Knist (2006) .
Returning to the temperature distribution of 28 DC stars and 23 DQ stars, while mindful of small number statistics, it is nonetheless interesting that we see a large increase in the number of DC stars beginning at or near the temperature at which the DQ cutoff is seen. While some of these DC stars may show line features at high enough spectral resolution and sensitivity while other DCs may turn out to be hydrogen-dominated, we suggest the possibility that some of the 28 DCs within 25 pc could possibly be heretofore unidentified DQ stars with extreme pressure shifts that render their spectra unrecognizable. Alternatively, there may be some physical mechanism that removes carbon from the smallest optical depths in the atmosphere.
The peculiar DQ stars, the so-called C 2 H stars, appear at the low temperature end of the DQ distribution of T ef f . Hall & Maxwell (2008) pointed out that the peculiar absorption features first identified as C 2 H in the spectra of cool (T ef f < 6000K) peculiar DQ stars were misidentified as hydrocarbon molecules and instead are the Swan bands of of C 2 that are extremely pressure-shifted. Kowalski (2010) showed that the distortion of Swan bands originates in the pressure-induced increase in the electronic transition energy between states involved in the transition. Unfortunately, the predicted Swan band shifts are too large compared to the observed ones. Thus, the need for further work in this area is indicated.
Magnetic White Dwarfs within 25 pc
The true incidence of magnetic white dwarfs in a volume-limited survey remains an open question. Out to 25 pc, we count a total of 19 magnetic degenerates among which there are fourteen DA magnetics and five non-DA magnetics. Liebert et al. (2003) presented evidence that the true incidence of detected magnetism among field white dwarfs at the level of ∼ 2MG or greater, is at least 10%, and may be higher. The incidence of detected magnetism in our volume-limited sample is 8% but would be as high or higher than the Liebert et al. (2003) percentage if surveys to field strengths below 2 MG are carried out for our sample.
The relatively small number of magnetics within 25pc prevents a determination of whether or not the field strength of a magnetic white dwarf varies as a function of time (stellar age). For the same reason, we cannot say if the fraction of magnetic white dwarfs is higher among cool star samples (e.g. samples of field white dwarfs near the sun) than among surveys of field white dwarfs that extend out to greater volumes of space and hence sample hotter WDs. It remains an open question whether the number of magnetic white dwarfs increases with decreasing T ef f , luminosity or cooling age. The answers to these questions must await volume-limited surveys sufficiently large in radius to encompass substantial numbers of hot white dwarfs across a broader range of T ef f .
Cool White Dwarfs with Metals
We count 26 cool white dwarfs in the sample which exhibit absorption features due to accreted metals. This number excludes the DQ stars because although some may accrete metals, the carbon in their atmospheres is primarily due either to convective dredge-up (Dufour et al. 2005) or is primordial ). There has been no definitive explanation for why the DZ stars and DQ stars appear to have mutually exclusive spectra; almost no DQ stars reveal absorption features due to metals (other than carbon) while the DZ stars rarely exhibit absorption features due to carbon. It is unlikely that accreted metals may be easier to hide in DQ atmospheres due to increased opacity provided by carbon. We note that Weidemann & Koester (1989) analyzed a DZ star which contained carbon. More recently, Koester et al.(2011) reported a DQ star from the SDSS that reveals a decrease in flux at the blue end which could be explained with calcium and possibly iron. It is also possible that the apparent dichotomy between DQ and DZ stars could be due to selection and small number statistics. Moreover, since the DQ stars require very deep convection zones to dredge up carbon, it is also possible that any accreted metals are diluted to such an extent that metal features are two weak to be detected.
Among these 26 white dwarfs within 25 pc are two DZAs, 13 DAZs and 11 DZ stars. For these objects, the most likely source of the accreted metals is from debris disks (Farihi et al. 2010 and references therein).
On this basis, we speculate that all 26 non-DAs with photospheric metals have accreted from dust/debris disks of tidally disrupted asteroids, or in the case of DAZ stars, from volatile-rich matter such as comets. Thus, we speculate that at least 11% of the white dwarfs within 25 pc have circumstellar debris disks with rocky, metallic debris and have very likely descended from main sequence progenitors that had planetary systems. By comparison with frequencies of occurrence of exoplanets among sun-like stars, Howard (2013) and Mayor et al.(2011) find that 15% of Sun-like stars host one or more planets with mass Msini = 3-30 earth masses orbiting within 0.25 AU, and another 14% of sun-like stars host planets with Msini = 1-3 earth masses. The similarity between the frequency of occurrence of exoplanets and the fraction of white dwarfs with metal lines within 25 pc is almost certainly just a coincidence since we do not know exactly how many of the white dwarfs in the 25 pc sample have been observed with high resolution.
Among the present 25 pc sample in Table 1 , we have uncovered three white dwarfs with IR excesses from WISE photometry that were previously unknown. This is suggestive of debris disks (Cox,A., Sion, E., & Debes, J.2014 ) associated with the three white dwarfs.
Preliminary Tests of Cool White Dwarf Spectral Evolution
The total space density of white dwarfs within 25 pc remains unchanged from the 20 pc sample ) while the completeness drops from 85% at 20pc to ∼60% at 25 pc. The space density of white dwarfs in is derived from the virtual completeness of the white dwarfs within the core 13 pc sample. This can be determined in two ways, first from a direct count of white dwarfs within 13 pc, and by matching the slope of a log N -log (distance) plot to an expected slope of -3. The completeness estimates for the 20 pc and 25 pc samples are then simply computed with respect to the measured space density (see Holberg et al. 2013) . Nevertheless by considering the 20 pc sample, the nature of the incompleteness at 65% can be considered well characterized. We can use this knowledge to conduct a simple, preliminary, prospective test of white dwarf spectral evolution to test the hypotheses that the ordinary DQ stars (i.e. excluding the class of hot DQs) are descendants of cooling DB stars (Koester et al.1982; Wegner & Yackovich 1984) .
The formation rate of DB stars can be estimated from the following expression:
where f is the ratio of DB degenerates (Kleinman et al. 2004 ) to all other white dwarf types within the observed range of M bol for DB stars, N wd is the local space density of white dwarfs in the same range of M bol as the DB stars and t DB is the time spent by DB stars cooling within their observed range of M bol . N wd is obtained from a cool white dwarf luminosity function.
The temperature range of the DB white dwarfs is 30000K > T ef f > 12000K corresponding to a luminosity range −1.01 > Log(L/L ⊙ ) > −2.52. For DB stars, the local space density within the interval 12000K < T ef f < 30000K,
−4 DBs/pc 3 .
and the parameter f = 20% for DB stars (Kleinman et al. 2004) . The 20 pc sample of contained no spectroscopically identified DB stars. Bergeron et al. (2011) have conducted a comprehensive analysis of 108 DB stars including spectroscopic distance estimates, finding four DBs within 25 pc. One, WD2147+280, has a trigonometric parallax (van Altena et al., 1994) which yields a distance of 35.7 ± 0.4 pc, which as the authors point out, is difficult to reconcile with the estimated distance unless the spectroscopic gravity is reduced to 8.2 in which case it becomes consistent with the larger distance. After calculating distance uncertainties from the results of Bergeron et al. (2011) , we have included three of these stars; WD1542-275, WD2058+392, and WD2316-173 in our new local sample including appropriate distance uncertainties. Overall, Bergeron et al. found a DB space density of 5.15 × 10 −5 pc −3 which gives an expected number of approximately four DB white dwarfs in the 25 pc sample that compares favorably with three DB stars included in our sample. If we assume an average DB mass, M DB = 0.6M ⊙ , then the cooling timescale for a DB from 30000K to 12000K, t DB ≈ 3.95 × 10 8 years according to the cooling models of Bergeron et al.(2011 and references therein) 1 . Hence, the formation rate of DB stars, dN DB /dt is
Likewise for the formation rate of DQ stars from the following expression:
where f is the ratio of DQ degenerates to all other white dwarf types within the observed range of M bol for DQ stars, N wd is the local space density of white dwarfs in the same range of M bol as the DQ stars and t DQ is the time spent by DQ stars cooling within their observed range of M bol . N wd is obtained from a cool white dwarf luminosity function.
The temperature range of the DQ stars is 12000K > T ef f > 5500K, corresponding to a luminosity range −2.52 > LogL/L ⊙ > −3.88. For the DQ stars f = 9%. Assuming that DQ masses are M wd = 0.6M ⊙ , the cooling time for a DQ through its interval of M bol is t DQ = 3.6 × 10 9 years The local space density of DQs within the Interval 12000K > T ef f > 5500K, N DQ ≈ 2 × 10 −3 DQs/pc 3 . Thus, the formation rate of DQ stars, dN DQ /dt is dN DQ /dt = 4.5 × 10 −14 pc −3 /yr. The lower formation for the DQ stars relative to DBs presumably may reflect that not all cooling DB stars become DQ stars and may become DA stars either through accretion of volatile-rich tidally disrupted bodies, interstellar H, or diffusive float up of H as the DB cools. This very tentative result must be confirmed with larger, more complete samples of white dwarfs.
Although this evolution test is only preliminary (given the uncertainties in the parameters used), it is nonetheless illustrative of the far-reaching potential of enlarging the volume of space around the sun containing known white dwarfs, thus increasing the sample size of of white dwarfs in each astrophysically important spectroscopic subclass including the magnetic degenerates as well as the DA, DB, DQ, DZ and DC degenerates.
Conclusions
Our study has revealed the distribution of white dwarf spectral types for 224 degenerate stars in a volume-limited sample out to 25 parsecs. We find the following characteristics of the sample:
(1) Little or no evidence of halo or thick disk component members within 25 pc but seven degenerates with extraordinarily high space motions;
(2) The sample includes a sizable number of DQ stars and cool (mostly DC and DZ) white dwarfs. We note a possibly significant pileup of DC stars at the low temperature cutoff of the DQ stars; (3) The incidence of magnetic white dwarfs within 25 pc is 8% of the total sample. This is close to the estimate of the true incidence of field white dwarfs in the galactic disk by Liebert et al.(2003) ; (4) We carry out a preliminary test of one scenario of white dwarf spectral evolution theory, namely that all of the DQ stars (excluding the "hot" DQs) are the evolutionary descendants of the DB white dwarfs. Within the uncertainties in the true space densities of DB stars and DQ stars, we find preliminary evidence that the formation rate of DQ stars is smaller than the DB rate, suggesting that not all DB stars evolve into DQ stars below 12,000K; (5) We find no compelling evidence of any significant differences between the space motions of the various spectroscopic subtypes.
As this study indicates the local WD population, with its high degree of completeness, provides an invaluable ground truth sampling of the WD population, particularly in the galactic disk. As such it affords a number of ways to help characterize much larger, deeper and more distant WD samples that are not volume limited, for example those from the Sloan Digital Sky Survey, (SDSS). Towards that end, compelling motivation now exists to both increase the completeness of the current 25 pc sample and extend it to greater distance, thus providing a larger basic sample. Such efforts will also set the stage for a time during the next decade when the European Space Agency Gaia mission will make possible a virtually complete determination of all WD distances and proper motions (but not necessarily stellar spectra) out to ∼100 pc. Also within the same time frame large surveys such as the Large Synoptic Survey Telescope (LSST) will be sampling WD populations well into the halo. This work is supported by NSF grant 1008845. We are grateful for several helpful comments and corrections from an anonymous referee. We thank Detlev Koester for insightful comments on the spectra of cool DQ stars. We thank John Debes for useful input on the frequency of exoplanets around sun-like stars. J.B.H also wishes to acknowledge NASA Astrophysics Data Program grant NNX1OAD76. This research has made use of the White Dwarf Catalog maintained at Villanova University and the SIMBAD database, operated at CDS, Strasbourg, France. 
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